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TECHNICAL FIELD OF THE INVENTION 

The invention relates to water purification; in particular, to the use of 



radiation and filtration in water purification. 

BACKGROUND OF THE INVENTION 

Filter media have been used for wastewater treatment, e.g., industrial 

1 0 wastewater treatment or municipal wastewater treatment, and for source water 
treatment, e.g., industrial source water treatment or mimicipal drinking water 
treatment, to remove particulate matter, viruses, microorganisms, dissolved 
materials and various other contaminants. Howevo:, such filters have long 
had the drawback of fouling caused by, for example, the accumulation of 

1 5 particulates and organic matter, or the growth of a biofilm on the filter 
medium. The biofilm may be formed by natural organic matter, inorganic 
matter, and microorganisms accumulating on the surface or within the pores of 
the filter medium, causing fouling. The fouling of the filter medium may 
cause a reduction in flow rate or flux (i.e., flow rate per unit area) of water 

2 0 through the filter medium. Accordingly, as the filter medium fouls, the 
pressure (i.e., the differential pressure or the transmembrane pressure) that 
must be applied to force water through the filter medium at a given flow rate 
must be increased. However, there are limits to how high the pressure may be 
applied, for example, before causing damage to the filter medium. When the 

2 5 pressure reaches its upper limit, filtration must be suspended and the filter 

medium must be cleaned. Cleaning of the filter medium at least partially 
restores the flux through the filter medium. The decrease in flux through the 
filter medium caused by fouling and the required frequency to stop filtration 
and clean the filter medium results in an inefficient and expensive process. 

3 0 Other conventional filter media used in water purification, including 

granular filters containing mono- or multimedia such as carbon, anthracite, 
sand and/or gravel, suffer many other drawbacks. For example, these media 
require huge quantities of material contained in large beds, and the expense 
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and downtime for taking the filter offline for cleaning and/or replacing these 

media can be enormous. 

Radiation, such as ultraviolet (UV) radiation, has been used in water 

treatment systems to sterilize water. However, many conventional radiation 
5 systems, such as those emitting radiation in only a narrow band or limited 

number of wavelengths, are limited in the types and number of organisms they 

can kill and organic matter they can oxidize. 

Also, many conventional radiation systems, such as continuous UV 

radiation systems, are inefficient. For example, conventional UV lamps have 
10 a high maintenance cost because the lamps become fouled in the water 

environment from precipitated solids. This fouling action gradually reduces 

the UV output, so these lamps must be removed on a periodic basis and 

manually cleaned. Also, conventional low and medium pressure UV lamps 

may not produce the radiative power levels to effectively dissociate the 
15 chemical bonds of contaminants. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention, a system for treating 
wastewater comprises an inlet for receiving wastewater; an outlet for 

2 0 discharging treated water; and at least one of a primary, secondary, and 
tertiary water treatment arrangement interposed between the inlet and the 
outlet of tiie wastewater treatment system. The system further comprises a 
first filter assembly having a filter medium interposed between the inlet and 
the outlet of the wastewater treatment system and a radiation assembly 

25 arranged to irradiate the water. 

In accordance with another aspect of the invention, a method for 
treating wastewater comprises directing water through at least one of a 
primary, secondary, and tertiary water treatment arrangement; directing water 
through a first filter assembly having a filter medium; and irradiating the 

30 water. 

In accordance with yet another aspect of the invention, a system for 
treating source water comprises an inlet for receiving source water and an 

2 
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outlet for discharging water. The system further comprises a filter assembly 
having a filter medium interposed between the inlet and the outlet of the 
source water purification system and a radiation assembly arranged to irradiate 
the water. 

5 In accordance with a further aspect of the invention, a method for 

treating source water comprises directing water through a filter assembly 
having a filter medimn and irradiating the water. 

In accordance with another aspect of the invention, a method for 
treating water comprises directing water through a purification subsystem 

1 0 including removing contaminants to a desired level of purification during 
normal operating conditions; and then directing the water through a last- 
chance purification assembly which includes a filter assembly and a radiation 
assembly, including removing little or no contaminants during normal 
operating conditions and removing contaminants during abnormal conditions. 

15 In accordance with another aspect of the invention, a system for 

treating water comprises a purification subsystem and a last-chance 
purifications assembly. The purification subsystem r^oves contaminants to a 
desired level of purification during normal operating conditions. The last- 
chance purification assembly includes a filter assembly and a radiation 

2 0 assembly and removes little or no contantiinants during normal operating 
conditions but removes contaminants during abnormal conditions. 

Systems and methods for treating wastewater, or soiirce wata:, in 
accordance with one or more of the aspects of the invention may also have one 
or more of the following features. 

2 5 The filter medium of the first filter assembly may be microporous or 

finer, may have a removal rating of 1 jx or less, and/or may comprise a metallic 
or polymeric medium. The radiation assembly may be arranged to irradiate 
water upstream of the filter medium of the filter assembly. The radiation 
assembly may generate pulsed radiation and/or radiation having a broadband 

3 0 within the wavelength range from about 1 OOnm to about 1 lOOnm. For 

systems and methods which treat wastewater, a second filter assembly having 
a porous medium may be located downstream of the first filter assembly and 

3 
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the second filter assembly may comprise a reverse osmosis assembly. Further, 
a radiation assembly may be arranged to iiradiate water upstream of the 
porous medium of the second filter assembly and downstream of the first filter 
assembly. 

5 For systems and methods which treat wastewater, a last-chance 

purification assembly including an additional filter assembly and an additional 
radiation assembly may be located downstream of the first filter assembly. 

For systems and methods which treat source water, a pretreatment 
arrangement, such as a prefilter assembly having a filter medium, may be 
10 located upstream of the filter assembly. Further, a radiation assembly may be 
arranged to irradiate water upstream of the filter medium of the prefilter 
assembly. 

In various systems and methods embodying the invention, radiation, 
especially a pulsed, broadband radiation having wavelengths in the range fix)m 

15 about lOQnm to about 1 lOQnm, in combination with a filter medium, 

especially a filter medium having a removal rating less than or equal to about 
1 \iy may be used to purify the water and/or enhance the flux of water through 
the filter mediimi. For example, the irradiation of wastewater or source water 
upstream of a microporous filter medium not only destroys many biological 

2 0 and chemical contaminants but also continuously cleans the filter medium, 
e.g., retarding or preventing the accumulation of organic matter and the 
development of a biofilm on the filter medium. As a result, fouling of the 
filter medium is reduced or prevented altogether, reducing or elinunating the 
need to stop filtration and clean or replace the filter medium. Because the 

2 5 radiation destroys organic matter and kills microorganisms such as viruses, 

bacteria, and protozoa such as Cryptosporiditan and GiardiUy and microporous 
filter media remove such microorganisms and natural organic matter, both 
components act in tandem to purify the water very effectively. Furthermore, 
the irradiation of source water and/or wastewater oxidizes certain inorganic 

3 0 substances, e.g., metals, such as iron, manganese, and arsenic to insoluble 

forms allowing them to be effectively removed using filtration. Thus, the 
combined use of a filter medium, particularly a filter medium which is 

4 
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microporous or finer, and radiation, particularly a pulsed, broadband radiation 
which includes wavelengths in the range fi-om about lOOnm to about 1 lOOnm, 
provides a synergy which results in a far more efficient systems and methods 
than conventionally available. 
5 Systems and methods embodying the invention may comprise a "last- 

chance'' or "fail-safe" purification assembly which includes both a filter 
assembly and a radiation assembly. During normal operating conditions, the 
last-chance purification assembly may remove few, if any, contaminants 
because the portion of the wastewater or source water treatment system 

10 upstream of the last-chance purification assembly (i.e., the purification 
subsystem) has already removed the contaminants to the desired level of 
purification. However, during abnormal conditions, e.g., failure of one or 
more of the components of the purification subsystem or an abnormally higji 
concentration of contaminants, the last-chance purification assembly removes 

15 a significant amount of the contaminants. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a wastewater treatment system. 
Figure 2 illustrates a source water treatment system. 
2 0 Figure 3 illustrates a wastewater treatment system. 

Figure 4 illustrates a source water treatment. 

DETAILED DESCRIPTION 

The present invention relates to the use of radiation and filtration in the 

2 5 purification of water. Purification of water preferably includes removing 

undesired substances or contaminants, including but not limited to 
particulates; various biological substances, such as bacteria and/or protozoa, 
e.g., Cryptosporidium and Giardia, or vimses; and various chemical 
substances, such as harmfiil or noxious chemical elements and compounds, 

3 0 including various inorganic substances, e.g., metals such as iron, manganese, 

and arsenic and various organic compounds. The present invention may 
preferably be used to treat wastewater, such as industrial wastewater or 

5 
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municipal wastewater, or source water, such as industrial source water or 
municipal drinking water. 

Embodiments of the invention include systems and methods for 
treating wastewater, so that the purified water may be suitable for drinking or 
5 may be reused for other non-drinking purposes. Wastewater may include any 
type of water which has been used and is no longer suitable for its intended 
purpose in its present fomi. For example, wastewater may include, but is not 
limited to, municipal wastewater, such as sewage, or industrial wastewater, 
such as effluent from an industrial process. 

1 0 One example of a method includes treating a wastewater influent by 

passing it through at least one of a primary, secondary, and tertiary water 
treatment arrangement and irradiating the water, preferably upstream of a filter 
assembly. Irradiating water upstream of the filter assembly purifies the water 
and increases the flux of water through the filter medium in the filter 

15 assembly. 

One example of a system for treating wastewater includes an inlet for 
untreated wastewater and an outlet for purified water. At least one of a 
primary, secondary, and tertiary water treatment arrangement, e.g., a 
secondary water treatment arrangement and one or both of a primary and a 
2 0 tertiary water treatment arrangement, may be interposed between the inlet and 
the outlet of the wastewater treatment system. A first filter assembly having a 
filter medium may be interposed between the inlet and the outlet of the 
wastewater treatment system. A radiation assembly may be arranged to 
irradiate water, preferably upstream of the filter medium. A second filter 

2 5 assembly, for example, a reverse osmosis assembly, may be located 

downstream from the first filter assembly. 

"Primary water treatment", "secondary water treatment", and '^tertiary 
water treatment" arrangements are well known in the wastewater treatment 
field. For example, a primary water treatment arrangenient may include, but is 

3 0 not limited to, an arrangement such as a screening or a sedimentation 

arrangement which removes floating material and/or settleable solids from the 
wastewater. A secondary water treatment arrangement may include, but is not 

6 
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limited to, an arrangCTient having biological and/or chemical treatment units 
which remove organic matter from the wastewater. For example, a secondary 
water treatment arrangement may include a primary clarifier, a biotreatment 
unit, such as an activated sludge basin, and a final clarifier. A tertiary water 
5 treatment arrangement may include, but is not limited to, an arrangement such 
as a granular filtration arrangement which removes particulate niatter and 
BOD (Biological Oxygen Demand) and, if the granular filtration arrangemCTt 
is chemically and/or biologically treated, nutrients such as phosphorous or 
nitrogen from the water. A tertiary water treatment arrangement may also 

10 include, but is not limited to, a continuous sand filter. Any of the water 
treatment arrangements may be configured in a wide variety of ways. 
Examples of suitable arrangements include a batch arrangement with an open 
loop, a batch arrangement with a closed loop, a single-stage continuous 
arrangement, a multistaged arrangement with recirculation, and a multistaged 

15 arrangement without recirculation, as described, for example, in Water 
Treatment Membrane Processes, American Water Works Association 
Research Foundation et al., September 1996, pages 2.22-2.24. 

The inlet of the wastewater treatmrat system may be any suitable 
arrangemoit for allowing untreated water to travel to the other components of 

2 0 the system. For example, the inlet may include a conduit, pipe, or manifold 

which is in fluid communication with, e.g., delivers wastewater to, for 
example, the primary and/or secondary water treatment arrangement. The 
inlet of the wastewater treatment system may be connected directly or 
indirectly to the inlet of the primary or secondary water treatment 
25 arrangement. Similarly, the outlet for treated or purified water may be any 
suitable arrangement allowing the purified water to exit the wastewater 
treatment system. For example, the outlet may include a conduit, pipe, or 
manifold which is in fluid communication with, e.g., receives purified water 
from, the filter assemblies. The outlet of the wastewater treatment system may 

3 0 be connected directly or indirectly to the outlet of the first or second filter 

assembly. 



7 
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The first filter assembly may include an inlet for water to be treated, an 
outlet for filtrate or permeate, and a filter mediimi, e.g., one or more filter 
elements, each including a filter medium, disposed in a fluid flow path 
between the inlet and outlet. The inlet of the first filter assembly may, for 
5 example, be coupled to or be in fluid communication with an outlet of the 
secondary water treatment arrangement or an outlet of a tertiary water 
treatment arrangement. 

The type of filter assembly utilized in the invention is not particularly 
limited. For example, a dead-end filter assembly or a CFOss*flow filter 

1 0 assembly may be used. The filter assembly may be configured in a wide 
variety of ways. For example, the filter assembly may be configured as a 
plate-and-firame or stacked plate filter assembly, a dynamic filter assembly, or 
a granular bed filter assembly. Preferably, the filter assembly is configured as 
an array of filter cartridges or filt^ modules. 

1 5 Various types of filter elements may be used witti the present 

invention. For example, the filter element or filter elements may comprise 
filter media in flat sheet form, e.g., as a fibrous sheet, a sintered metal plate, or 
a permeable or semipermeable film. Alternatively, the filter element may be 
configured as a cylindrical element, e.g., a ceramic candle filter, a cylindrical 

2 0 hollow or solid fibrous mass, or a hollow pleated configiiration, such as a 

straight, radial pleat design or a non-radial configuration, as disclosed, e.g., in 
U-S. Patent No. 5,543,047 and U.S. Patent No. 6,1 13,784. The flow through 
the filter element may be outside-in, where water initially contacts the outside 
siirfece(s) of a filter element, with filtrate or permeate passing through the 
25 filter mediimi to the inside surface(s) of the filter element. Alternatively, the 
flow through die filter element may be inside-out, where the water initially 
contacts the inside surface(s) of a filter element, with filtrate or permeate 
passing through the filter medium to the outside surface(s) of the filter 
element. Also, the filter element may comprise a composite including a filter 

3 0 medium or filter media and additional layers that are in fluid communication 

with the filter medium or media, including support and/or drainage layers 
and/or cushioning layers. Other suitable configurations include spiral or 

8 
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tubular modules. Preferably, the filter elements comprise disposable or 
cleanable filter cartridges and, more preferably, hollow fiber filter modules. 

Various types of filter media may be used in the first filter assembly. 
The filter media used in the filter element may include any material enable of 
5 forming a porous structure suitable for purifying water by removing particles, 
such as solids, gels, or microbes, and/or by removing or inactivating chonical 
substances, such as ions or organic or inorganic compounds. The filter media 
may include porous inorganic media, mono- or multi-component granular 
media such as sand, anthracite, garnet and/or carbon, porous metal media, 
10 porous ceramic media, porous mineral media, porous media comprising 

organic and/or inorganic fibers such as carbon and/or glass fiber media, and/or 
porous polymeric media. The filter media may include fibrous media such as 
a mass of fibras, fibrous mats, woven or non-woven sheets, and fibrous depth 
filters made by a variety of means including melt-blowing, Fourdrinier 
15 deposition, or air laying fibrous materials. The filter medium may mclude a 
porous or sOTiipenneable fihn or membrane, e.g., isotropic or anisotropic, 
asymmetric, composite, supported or unsupported membranes. The filter 
media may mclude hollow fibers, such as polymeric hollow fibers. The filter 
media, especially tiie granular media, may include chemically, catalytically, 
2 0 and/or physically active media, such as various resins, e.g., ion exchange 
resins, such as water softeners or demineralizers, zeohtes, various "activated" 
forms of carbon, e.g., granular activated carbon, sorbents, catalysts, getters 
and/or biocides. 

Preferably, the filter medium comprises any suitable metalUc or 

2 5 polymeric medium. Even more preferably, the filter medium comprises a 

polymeric medium, such as polyvinyUdene fluoride (PVDF) or 
polyacrylonitrile CPAN)- Othar suitable polymeric filter media that may be 
used in the present invention include polyethersulfone (PES), polysulfone 
(PS), polytetrafluoix)ethylene (PTFE), and polycarbonate (PC). 

3 0 Porous filter media having a wide variety of pore sizes or structures or 

removal ratings may be used with the present invention. The pore size or 
removal rating used depends on the composition of the water to be purified 

9 
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and the desired purity level of the water. Preferably, the filter medium is, at 
most, microporous. More preferably, the removal rating of the filter mediimi 
is small enough to capture particulates and microorganisms such as bacteria 
and/or protozoa, such as Cryptosporidium and Giardia, or viruses. 
5 Microporous and ultraporous media are preferred, although nanofiltration 
membranes may be used. The removal rating of the filter medium may be 
about 1 micron or less, preferably about 0.5 micron or less, more preferably 
about 0.2 micron or less, and even more preferably about 0.1 micron or less. 
Most preferably, the filter medium is microporous and has a removal rating in 

1 0 the range fix^m about 0.05 fi to about 1 ji. 

In a preferred embodiment, the first filter assembly comprises a hollow 
fiber membrane module, the hollow fiber membranes being made of PVDF 
and having a removal rating of about 0.1 micron, available from Pall 
Corporation under the trade designation Microza. In anoth^ embodiment, 

1 5 also available firom Pall Corporation under the trade designation Microza, the 
first filter assembly may comprise ultraporous hollow fiber membranes being 
made of PAN and having a nominal molecular weight cutoff (MWCO) in the 
range fi-om about 13,000 or less to about 80,000 or more. For both the 
microporous and the ultraporous hollow fiber modules, fluid flow during 

2 0 filtration is preferably outside-in, where water initially contacts the outside 
surface(s) of the hollow fibers, passes through to the interior of the hollow 
fibers, and is directed to a suitable permeate outlet 

The second filter assembly includes a porous medium which is 
preferably finer than the filter medium of the first filter assembly. For 

2 5 exanq)le, the second filter assembly preferably comprises a reverse osmosis 

assembly, which is well known in the art. The second filter assembly is 
preferably located downstream fi-om the first filter assembly and includes an 
inlet which may be coiq>led directly or indirectly to the outlet of the first filter 
assembly and a permeate outlet which may be coupled directly or indirectly to 

3 0 the outlet of the wastewater purification system. The second filter assembly 

may further include a retentate outlet which may be coupled to any of the 
previous components of the wastewater purification system to recirculate the 

10 
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retentate or may be coupled to a water reservoir or river to discharge the 
retentate. 

The radiation assembly may generate radiation which destroys and/or 
alters water borne biological and/or chemical contaminants, such as bacteria, 
5 viruses, organic compounds, and morganic matter in the wastewater. The 
radiation assembly may destroy and/or alter the contaminants directly, e.g., by 
du-ecting the radiation into the water and/or onto the filter media whare the 
radiation is absorbed by the biological and/or chemical contaminants, 
destroying or altering them. Alternatively or additionally, the radiation 
1 0 assembly may destroy and/or alter the contanmiants indirectly, e.g., by 
directing the radiation onto the surface of a photoactive material in contact 
with the water and/or the filter media where the radiation is absorbed by the 
photoactive material, activating it. The biological and/or chemical 
contaminants are then destroyed and/or altered when they contact the activated 
15 photoactive material. A radiation assembly which destroys and/or alters the 
contaminants directly may principally include a radiation source, while a 
radiation assembly which destroys and/or alters the contaminants indirectly 
may principally mclude a radiation source and a photoactive unit. The 
photoactive unit may include a photoactive material and a vessel which 
2 0 contains the photoactive material and may also contain the radiation source. 
Suitable photoactive materials mclude, for example, metal oxides, such as 
Ti02, ZnO, WO3. Sn02, CU2O and CdS and CdSe. The vessel may be 
configured in a wide variety of ways. Preferably, tiie vessel is designed to 
provide imiform fluid flow with few or no dead spaces and small residence 
2 5 time and/or adequate irradiation of all fluid and/or all photoactive material. 
Radiation assemblies which include a radiation source or a radiation source 
and a photoactive material are shown, for example, in U.S. Patents No. 
4,464,336; No. 4,615,799; No. 4,694,179; No, 4,892,712; No. 5,302,356; No. 
5,658,530; No. 5,790,934; and No. 5,789,755, all of which are incoiporated by 
30 reference. 

The radiation assembly may be arranged to irradiate the water, i.e., 
irradiate the water directly and/or irradiate a photoactive material m contact 

11 
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with the water, upstream of the filter medium of the first filter assembly, 
where "upstream of the filter medium" includes in, on, or upstream of the filter 
medium. For example, one or more radiation assemblies may be positioned so 
that water and/or photoactive material upstream of a filter medium, e.g., a 
5 microporous filter medium, of the first filter assembly or upstream of the inlet 
of the first filter assembly is irradiated by the radiation source(s). More 
preferably, the radiation assembly is arranged to directly or indirectly irradiate 
the water upstream of the inlet of the first filter assembly but downstream of 
the outlet of the secondary or tCTtiary water treatment subsystem. 

1 0 Altematively or additionally, one or more radiation assemblies may be 
positioned to irradiate the water by irradiating the upstream surface of the 
filter medium so that water and/or photoactive material at the upstream surface 
of the filter medium is exposed to the radiation. For sample, the radiation 
source(s) may direct radiation directly onto the upstream surface of fbe filter 

1 5 mediimi or the radiation sources may direct radiation from the dovmstream 
sxuiace(s) through the filter medium onto the upstream surface(s). In 
embodiments where the surfaces of the filter medium are irradiated, the filter 
medium is even fiirther cleaned of any biofilm by killing of organisms and 
oxidation of organic matter on the surfaces of the filter medium. 

2 0 Altematively or additionally, if the first filter assembly has a retentate 

outlet, e.g., is a cross-flow filter assembly, the radiation assembly may be 
arranged to irradiate water in the retentate that is recirculated back upstream of 
the filter medium. Altematively or additionally, the radiation assembly may 
be arranged to irradiate water at the intersection of the retentate and the 

2 5 upstream water and/or after mixing the retentate and the upstream water. 

Similarly, one or more radiation assemblies may also be arranged to 
irradiate water downstream of the first filter assembly and upstream of the 
second filter assembly. The radiation assemblies may be positioned to 
irradiate water upstream of the porous medimn of the second filter assembly in 

30 a manner analogous to that previously described with respect to the filter 
medium of the first filter assembly. 
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The radiation assembly purifies the water and/or enhances the flux of 
water through the filter medium and/or porous medium by destroying or 
altering contaminants and/or reducing or eliminating any biofilm associated 
with the filter medium and/or porous medium. The radiation source may 
5 generate radiation having any wavelength that is effective in killing 

microorganisms and/or oxidizing organic matter. The radiation source may 
also generate radiation having any wavelength that is effective in oxidizing, or 
promoting the oxidation of, inorganic matter, including metals such as iron, 
manganese and arsmic. The oxidized inorganic matter may assume a more 
1 0 insoluble form, allowing it to be more effectively removed by filtration. 

The radiation source may preferably be capable of generating radiation 
having one or more wavelengths in the range fi^om about 100 nanometers to 
about 1 100 nanometers. Preferably, the radiation source generates radiation 
having a broadband within the range from about lOOnm to about 1 1 OOnm, i.e., 
15 having a distribution of wavelengths, e.g., most or substantially all of the 
wavelengths, within any subband extending for at least 20%, preferably at 
least 35%, and more preferably at least 50% or at least 80% of the range. For 
example, the broadband may comprise a distribution of wavelengths within a 
UV subband firom about lOOnm to about 400nm, e.g., a subband firom about 
2 0 1 85nm to about 400nm, a visible subband fiom about 400nm to about 700nm, 
and/or an infirared subband firom about TOOnm to about 11 OOnm. 
Alternatively, the radiation source may be enable of generating narrower 
band radiation, e.g., radiation within a narrower subrange, such as, for 
example, about 100 nm to about 200 nm (Vacuum Ultraviolet), about 200 nm 

2 5 to about 280 nm (UVC), about 280 nm to about 315 nm (UVB), and/or about 

315 nm to about 400 nm (UVA). The radiation source may also be capable of 
generating more discrete wavelengths of radiation. For example, the radiation 
source may be capable of generating radiation with a nominal emission at 
253.7 imi, which is an effective wavelength in inactivating microorganisms. 

3 0 The radiation source may be capable of emitting a continuous stream 

of radiation. However, in a preferred embodiment, the radiation source is 
capable of delivering pulses of radiation in short bursts. A pulsed radiation 
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source is more energy efficient and is capable of delivering high intensity 
radiation to kill microorganisms in water, purifying the water and enabling 
enhanced flux across the filter media. Most preferably, the radiation source is 
capable of delivering pulsed, broadband, blackbody radiation, as described, for 
5 example, in U.S. Patent No. 5,789,755, herein incoiporated by reference. 
Such pulsed, broadband, blackbody radiation assemblies are available fi-om 
Pulsar Remediation Technologies, Inc. 

One example of a method of purifying wastewater may comprise 
directing wastewater through at least one of a primary, secondary, and tertiary 

1 0 water treatment arrangement, e.g., a secondary water treatment arrangement 
and one or both of a primary and tertiary water treatment arrangement, and 
irradiating water upstream of a filter medium with a radiation source. 
Irradiating the water includes both directly and indirectly radiating the 
biological and/or chemical contaminants, e.g., by radiating the contaminants in 

1 5 the water and by radiating a photoactive material to activate the photoactive 
material and contacting contaminants in the water with the activated 
photoactive mat^al. The method may fiirther comprise directing the 
irradiated water through a first filter assembly, e.g., a microporous filter 
assembly, and a second filter assembly, e.g., a reverse osmosis assembly. The 

2 0 irradiation of the water upstream of the first filter assembly fiirther purifies the 

water and enhances the flux of the water through the filter medium. 

Preferably, the water is directed to a first filter assembly downstream 
of the secondary or tertiary water treatment arrangement. The first filter 
assembly may have any suitable configuration, as previously described for the 
25 wastewater purification system. For example, the filter assembly may 

comprise a filter medium having a removal rating of about 1 micron or less, 
e.g., 0-1 II or less, and preferably comprises a microporous filter mediiun 
having a removal rating in the range &om about 0.05 |i to about 1 fi. After 
exitmg the secondary or tertiary water treatment arrangement, the water may 

3 0 enter the inlet of the first fiher assembly and may be directed fi-om the 

i^stream surface(s) of the filter element(s), through the filter medium, forming 
a filtrate or permeate, to the downstream surface(s) of the filter element(s). 
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Contaminants such as particulates and organisms are prevented from passing 
through the filter medium, while the filtrate or permeate exits through the 
outlet of the first filter assembly. 

The differential pressure or transmembrane pressure that may be 
5 appUed across the filter medium depends upon several factors, such as the 
nature of the filter system, the desired flow rate, and the degree of fouling of 
the filter medium. For example, water may be directed through a Microza 
0.1 n hollow fiber filter module up to a transmembrane pressure of about 25-28 
psid or more but preferably less than about 36 psid. 
10 In many preferred embodiments, the water may be directed to the first 

filter assembly immediately after exiting the secondary treatment arrangement 
or immediately after exiting the tertiary water treatment arrangement. 
Alternatively, after exiting the secondary or tertiary water treatment 
arrangement, the water may undergo additional treatment before being 
1 5 directed into the first filter assembly. As a fiirther alternative, the water may 
be directed into the first filter assembly while undergoing treatment in the 
secondary or tertiary water treatment arrangement. 

After exiting the first filter assembly, the filtrate or permeate may be 
directed to the porous medium of the second filter assembly, for example, an 
2 0 RO membrane of a reverse osmosis assembly as previously described. Water 
may be directed into the second filter assembly immediately after exiting the 
first filter assembly or the water may be fiirther treated after exiting the first 
filter assembly and before entering the second filter assembly. Once in the 
second filter assembly, the water may be directed from the upstream surface of 

2 5 the porous medium, through the porous medium, and to the downstream 

surfece of the porous medium, while various dissolved chemical substances, 
such as dissolved solids, salts and organic compounds, are retained by the 
porous medium. Permeate exiting the porous medium may be fiirther treated, 
may be distributed as drinking water, and/or may be used for other non- 

3 0 drinking purposes, such as in an industrial process, e.g., as the production of 

ultra pure water in microelectronics manufacturing. 
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Prior to passing through the filter medium of the first filter assembly, 
the water is irradiated. For example, if the water has passed through the 
secondary or tertiary water treatment arrangement, it may be irradiated prior to 
passing through the filter medium with an amount of radiation that is sufficient 
5 to fiirther purify the water and/or enhance the flux of water through the filter 
medium. The amount of irradiation required depends upon, for example, the 
amount of biological and/or chemical contaminants in the water, the degree of 
piirification desired, and the desired flux and/or pressure drop or 
transmembrane pressure through the first filter assembly. For example, the 
1 0 flow rate of the water may be in the range from about 50 gallons of water per 
minute or less to as much as about 20 million gallons of water per day or 
more. 

As described above, the wastewater may be irradiated in a variety of 
ways. For example, the water may be irradiated directly, i.e., by directing the 

15 radiation fipom a radiation source into the water itself, where the radiation is 
absorbed by the biological and/or chemical contaminants, destroying them. 
AltCTnatively or additionally, the water may be irradiated indirectly, e.g., by 
directing the radiation onto a photoactive material, which activates the 
photoactive material, and contacting the photoactivated material with the 

2 0 biological and/or chemical contaminants, destroying them. The water may be 
irradiated upstream of the first filter assembly or within the first filter 
assembly. For example, the radiation may be directed fi-om the radiation 
source onto the upstream surface of the filter mediimi, or the radiation may be 
directed at the downstream surface of the filter medium, through the filter 

2 5 medium, to the upstream surface of the filter medium and the water iq}stream 

of the filter medium. 

In various embodiments, water downstream of the first filter assembly 
may also be irradiated. For example, water downstream of the first filter 
assembly and upstream of the second filter assembly may be irradiated, as 

3 0 well as water downstream of the second filter assembly. Also, water 

undergoing treatment in the primary, secondary, and/or tertiary water 
treatment airangements may be irradiated in any suitable manner. 
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Because irradiating the water reduces or prevents fouling of the 
filter/porous medium, e.g., by decreasing the biofilm and/or destroying 
microbes, the flux of water through the filter/porous medium may be increased 
for a given differential pressure or transmembrane pressure. Or, the 
5 differential pressure or transmembrane pressure that may be applied during 
filtration may be lower and may increase more slowly, if at all, to maintain a 
given flux of water through the filter/porous medium- As a result, the upper 
limit for the differential pressure or the transmembrane pressure may be 
reached more slowly, if at all- Accordingly, not only may the flux of water be 
1 0 increased but also filtration may be performed for longer periods of time 
before stopping to clean or replace the filter/porous medium, if cleaning is 
required at all. 

Figure 1 illustrates one example of an embodiment of a wastewater 
treatment system 300 and method. Untreated wastewater enters via an inlet 10 

15 of the wastewater treatment system upstream of a primary water treatment 
arrangement 20 and passes through the primary water treatment arrangement 
20, e.g., a screening unit and/or a sedimentation basin. The water downstream 
of the primary treatment arrangement 20 enters a secondary water treatment 
arrangement 40, and passes through the secondary water treatment 

20 arrangement 40, e.g., a biotreatment unit and a secondary clarifier. Some or 
none of the water downstream of the secondary water treatment arrangement 
40 may be directed toward an outlet 70, e.g., a river or a res^voir. Prior to 
being discharged into the river or reservoir, the water may be further treated, 
for example, by radiation 50 or oxidation 60, e.g., by the addition of agents 

2 5 such as chlorine (Ch), chlorine dioxide (CIO2), ozone or hydrogen peroxide in 

any conventional manner. 

Alternatively or additionally, water downstream of the secondary water 
treatment arrangement 40 may be directed to a tertiary water treatment 
arrangement 90 such as a granular bed filter assembly including a sand and/or 

3 0 anthracite bed 90. The water passes through the sand and/or anthracite bed 90, 

and some, or none, of the water downstream of the sand and/or anthracite bed 
90 may be directed toward the outlet 70, e.g., a river or a reservoir. Again, 
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prior to being discharged, the water may be further treated, for example, by 
radiation 50 or oxidation 60. 

Water downstream of the tertiary water treatment arrangement 90 is 
directed to the first filter assembly 140, e.g., a microfiltration assembly. 
5 Preferably, the first filter assembly 140 comprises cleanable and/or replaceable 
filter cartridges or filter modules, such as the Microza filter modules 
previously described. Water passes through the filter medium of the first filter 
assembly 140, producing filtered water as a filtrate or permeate, and any 
retentate (not shown) may be recirculated to any of the components of the 

1 0 wastewater purification system or discharged into the river or reservoir. 

The filtered water may then be directed to a second filter assembly 
160, e.g., a reverse osmosis assembly. Water passes through the porous 
medium of the second filter assembly 160 producing purified water as a 
permeate, and any retentate (not shown) may be recirculated to any of the 

1 5 components of the wastewater purification system or may be discharged into 
the river or reservoir. 

Upstream of the filter medium of the first filter assembly 140, a 
radiation assembly 210 irradiates the water. Preferably, the radiation assembly 
210 is arranged to irradiate the water upstream of the inlet of the first filter 

2 0 assembly 140 and more preferably immediately prior to entering the first filter 
assembly 140, but downstream of the secondary water treatment arrangement 
40, e.g., downstream of the tertiary water treatment arrangement 90. 
However, the radiation assembly may be arranged to irradiate the water within 
the first filter assembly upstream of the filter medium. While the radiation 

2 5 assembly may comprise a radiation source and a photoactive unit, the radiation 

assembly preferably comprises a radiation source without a photoactive unit 
which directly irradiates the water. For example, the radiation assembly may 
comprise a pulsed, broadband, blackbody radiation unit available fi-om Pulsar 
Remediation Technologies, Inc. as previously described. The radiation 

3 0 assembly destroys water borne biological and/or chemical contaminants which 

might otherwise contact the filter medium of the first filter assembly, thereby 
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further purifying the water and enhancing the flux through the filter medium 
of the first filter assembly 140. 

Preferably, a radiation assembly 220 also irradiates the water upstream 
of the porous medium of the second filter assembly 160. The radiation 
5 assembly 220 may be located within the second filter assembly 160 but is 
preferably located downstream of flie first filter assembly 140 and upstream of 
the second filter assembly 160. The radiation assembly 220 associated with 
the second filter assraibly 160, which may be similar or identical to the 
radiation assembly associated with the first filter assembly 140, serves to 
1 0 destroy water borne biological and/or chemical contaminants which might 
otherwise contact the medium of the second filter assembly 160, thereby 
further purifying the water and enhancing the flux through the porous medium 
of the second filter assembly 160. 

Water which passes through the porous medium of the second filter 
1 5 assembly 1 60 may be discharged via an outlet 1 80 of the wastewater treatment 
system 300 and used as drinking water or used for other non-drinking 
purposes. Prior to bemg discharged, the water may be further treated, for 
example, by radiation 50 and/or oxidation 60. 

As previously described, for many embodiments of the invention, the 
2 0 first filter assembly and the associated radiation assembly may serve to 

remove contaminants fi-om the water that are not sufficiently removed by the 
primary, secondary, and/or tertiary water treatment arrangements during 
normal operation. The second filter assembly and the associated radiation 
assembly may then serve to further purify the water. However, the invention 
25 is not limited to these embodiments. For some embodiments of the invention, 
the first filter assembly and the associated radiation assembly may serve as a 
last-chance or fail-safe purifier which removes little or no contamination fi-om 
the water during normal operation. The primary, secondary and/or tertiary 
water treatment arrangements may remove all or a sufficient quantity of the 
3 0 contaminants during normal operation to provide a desired level of purity. 
The first filter assembly and the associated radiation assembly may then 
provide little or no further purification as the water flows through the first 
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filter assembly and the radiation assembly during normal operation. However, 
during abnormal conditions, e.g., when one or more of the components of the 
primary, secondary, and/or tertiary water treatment arrangements malfunctions 
or when an abnormally high concentration of contaminants swamps the 
5 primary, secondary, and/or tertiary water treatment arrangement, the first filter 
assembly and the associated radiation assembly may comprise a last-chance or 
fail-safe purifier assembly which removes the contaminants that passed 
through the primary, secondary, and/or tertiary water treatment arrangraients. 
For those embodiments in which the first filter assembly and the associated 
1 0 radiation assembly^serve as a last-chance or fail-safe purifier, the second filter 
assembly and the associated radiation assembly are less preferred and may be 
eliminated. 

Embodiments of the invention also include systems and 
methods for treating source water, so that the purified water may be suitable 

15 for drinking or reusable for other non-drinking purposes. Source water may 
include any water which is to be supplied or distributed. For example, source 
water may include, and is not limited to, mimicipal source water or industrial 
source water. Source water may include surface water, such as water from a 
river or a reservoir, or groundwater. Source water may even include treated 

2 0 wastewater which has, for example, been purified after industrial use. 

One example of a method for treating source water includes treating a 
source water influent by irradiating the source water and passing the water 
through a filter assembly. For example, the water may be irradiated upstream 
of a filter assembly comprising a filter medium which is preferably, at most 

2 5 microporous, e.g., is microporous or ultraporous or nanoporous. Irradiating the 

source water upstream of the filter assembly purifies the water and enhances 
flie flux of water through the filter medium. 

One example of a system for treating source water includes an inlet for 
untreated source water and an outlet for purified water. A filter assembly 

3 0 having a filter medium, or both a pretreatment arrangement, such as a prefilter 

assembly, and a filter assembly, may be interposed between the inlet and the 
outlet of the source water purification system. A radiation assembly is 
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arranged to irradiate water, preferably upstream of the filter medium of the 
filter assembly. 

The inlet for the source water treatinent system may be any suitable 
arrangement for allowing untreated or insufficiently treated source water to 
5 travel to the other components of the system. For example, the inlet may 
include a conduit, pipe, or manifold which is in fluid conununication with, 
e.g., delivers source water to, for example, the prefilter assembly and/or the 
filter assembly. The inlet of the soxirce water treatment system may be 
connected directly or indirectly to the inlet of the prefiher assembly or the 

1 0 filter assembly. Similarly, the outlet for treated or purified source water may 
be any suitable arrangement allowing the purified source water to exit the 
source water treatment system. For example, the outlet may be a conduit, 
pipe, or manifold in fluid commimication with the filter assembly. 

The pretreatment arrangement preferably comprises a prefilter 

1 5 assembly but may alternatively or additionally comprise a variety of devices 
for pretreating the source water, such as a settling basin or a floatation tank. 
The prefilter assembly may include an inlet for water to be treated and an 
outlet for filtrate or permeate and may be interposed between the inlet and the 
outlet of the source water treatment system upstream of the filter assembly. 

2 0 The prefilter assembly may have any suitable configuration and any suitable 

filter medium for removing larger particles and/or organisms so that the 
downstream filter assembly may not foid as quickly, or at all. The removal 
ratmg of the filter medium of the prefilter assembly is not particularly limited 
but is larger than that of the downstream filter assembly. For example, the 
25 removal rating of the prefilter may be up to about 10 microns or larger, for 
example, up to about 50 microns or larger or up to about 100 microns or larger 
or up to about 400 microns or even larger. In one embodiment, the filter 
medium of the prefilter assembly may have a removal rating of about 400 
microns and may comprise a disposable strains. 

3 0 The filter assembly is also interposed betweoi the inlet and the outlet 

of the source water treatment system. In many embodiments, the filter 
assembly may be located downstream of the pretreatment arrangements(s), 
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e.g., the prefilter assembly. The fiher assembly may include an inlet for 
receiving water to be treated, for example, from the outlet of the prefilter 
assembly or the inlet of the source water purification assembly. In some 
embodiments, the water may be additionally treated in a variety of ways 
5 between the inlet of the source water purification system and the inlet of the 
fiher assembly. The filter assembly also includes an outlet for discharging 
filtered water as permeate or filtrate. The outlet of the filter assembly may be 
coupled directly or indirectly to the outlet of the source water purification 
system. The filter assembly fiirther includes a filter medium disposed in the 

1 0 flow path between the inlet and the outlet 

The filter assembly of the source water treatment system may have 
many of the same features as the first filter assembly of ttie wastewater 
treatment system. For example, it may have any of the types, configurations, 
filter media, and/or pore sizes/structures/removal ratings described above for 

15 the first filter assembly ofthe wastewater treatment system. Thus, the filter 
assembly ofthe source water purification system may be a dead-end filter or a 
cross flow filter and may be configured, for example, as a granular bed filter 
or an array of filter cartridges or filter modules, as previously described. The 
fiher media may include mono- or multi-component granular media such as 

2 0 sand, anthracite, garnet and/or carbon, porous inorganic or organic media, 

such as porous metal or polymeric media, or fibrous media, porous or 
semipermeable fihns, or porous hollow fibers. The filter media, especially the 
granular media, may alternatively or additionally include chemically, 
catalytically, and/or physically active media, such as various resins, e.g., ion 
25 exchange resins, water softeners, or demineralizers, various "activated" forms 
of carbon, soibents, getters, and/or biocides, all as previously described. 

A variety of pore sizes/structures/removal ratings may be used with the 
present invention. Preferably, the filter medium is microporous or finer, e.g., 
is microporous or ultraporous or nanoporous. In a more preferred 

3 0 embodiment, the filter assembly comprises a microporous filter medium 

having a removal rating of about 1 micron or less. Preferably, the removal 
rating ofthe filter medium is about 0.5 micron or less and, more preferably, 
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about 0,1 micron or less. A filter medium having a removal rating of about 
0.1 micron or less is particularly preferred in the source water treatment 
system because it has been found to be especially effective in trapping 
particulates and organisms, such as Cryptosporidium and Giardia, especially 
5 when used in conjunction with a radiation source, as discussed below. 

In a preferred embodiment, the filter assembly comprises one or more 
microporous hollow fiber membrane modules, each hollow fiber membrane 
having a removal rating of about 0.1 micron, available fiom Pall Corporation 
under the trade designation Microza. In another embodiment, also available 
1 0 from Pall Corporation under the trade designation Microza, the first filter 
assembly comprises one or more membrane modules including an ultraporous 
hollow fiber membrane having a nominal molecular weight cutoff (MWCO) in 
the range from about 13,000 or less to about 80,000 or more. For both the 
microporous and the ultraporous hollow fiber embodiments, fluid flow for 
15 filtration may be outside-in, where water may initially contact the outside 
surface(s) of the hollow fibers, pass through to the interior of the hollow 
fibers, and be directed to a suitable outlet. 

The radiation assembly generates radiation which destroys or alters 
water borne biological and/or chemical contaminants, such as bacteria, 
2 0 viruses, orgamc compounds, and inorganic matter in the soiirce water. The 
radiation assembly may be substantially similar in both fimction and stracture 
to the radiation assembly described with reject to the wastewater treatment 
system. Thus, the radiation assembly may destroy or alter contaminants 
directly or indirectly, may include a radiation source or a radiation source and 
25a photoactive material, and may generate pulsed or continuous, broadband or 
narrower band, blackbody radiation, as previously described. Preferably, the 
radiation assembly comprises a pulsed, broadband, blackbody radiation source 
which generates radiation having a broadband within the range of wavelengths 
from about lOOnm to about 1 lOOiun, as described in U.S. Patent No. 
3 0 5,789,755 and available fix>m Pulsar Remediation Technologies, Inc. 
The radiation assembly may be arranged to irradiate 
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the water, i.e., irradiate the water directly and/or irradiate a photoactive 
material in contact with the water, upstream of the filter medium of the filter 
assembly, where "upstream of the filter medium" includes in, on, or upstream 
of the filter medium. For example, one or more radiation assemblies may be 
5 positioned so that water and/or photoactive material upstream of the inlet of 
the first filter assembly is irradiated by the radiation source(s). Preferably, the 
radiation assembly is arranged to directly or indirectly irradiate the water 
upstream of the inlet of the filter assembly but downstream of the outlet of the 
prefilter assembly. Alternatively or additionally, one or more radiation 

1 0 assemblies may be positioned to irradiate the water by irradiating the upstream 
surface of the filter medium so that water and/or photoactive material at the 
upstream surface of the filter medium is exposed to radiation. For example, 
the radiation source(s) may direct radiation directly onto the upstream surface 
of the filter medium, or the radiation source(s) may direct radiation &om the 

1 5 downstream surface(s) through the filter medium to the upstream surface(s)- 
Altematively or additionally, if the filter assembly has a retentate 
outlet, e.g., is a cross-flow filter assembly, the radiation assembly may be 
arranged to irradiate water in the retentate that is recirculated back upstream of 
the fiher medium. Alternatively or additionally, the radiation assembly may 

2 0 be arranged to irradiate water at the intersection of the retentate and the 

upstream water and/or after the intersection of the retentate and the upstream 
water, 

A radiation assembly may be arranged to irradiate water 
at a variety of other locations. In some embodiments, a radiation assembly 

2 5 may be arranged to irradiate filtered water downstream of the filter assembly. 

In some embodiments, a radiation assembly may be positioned so that source 
water upstream of the filter medium of the prefilter assembly may be 
irradiated. As discussed above, the radiation source(s) may be positioned to 
directly or indirectly irradiate the water upstream of the filter medium of the 

3 0 prefilter assembly or upstream of the inlet to the prefilter assembly. 

One example of a method for treating source water may comprise 
irradiating water and passing water through a porous filter medium, e.g., a 

24 



wo 01/16036 ^ PCT/USOO/23980 



filter medium which is at most microporous. Source water from, for example, 
a municipal wat«: source or an industrial process water source may be directed 
into an inlet of the source water treatment system and, preferably, through a 
pretreatment arrangement such as a prefilter assembly as described above, 
5 The source water may enter the inlet of the prefilter assembly and pass 
through the filter medium of the prefilter assembly, while larger particulates 
are retained by the filter mediiun. The prefiltered water then exits the prefilter 
assembly through the outlet and may then be directed to the filter assembly. 

Water enters the filter assembly through the inlet and is directed to the 

1 0 filter medium. While the filter assembly may have any suitable configuration, 
as previously described, it preferably includes a filter medium having a 
removal rating of about 1 micron or less, e.g., about O.l^i or less. The water 
passes from the upstream surface(s) of the filter element or medium, through 
the filter medium, forming a filtrate or peraieate, to the downstream surface(5) 

15 ofthe filter element or medium. Contaminants, such as organisnM and 
particulates, are retained by the filter medium, while the filtrate or permeate 
exits through the outlet ofthe filter assembly, all as similarly described with 
respect to the first filter assembly of the wastewater purification system. 
Retentate, if any, may be recirculated to the source or to any ofthe other 

2 0 components of the source water treatment system. The filtrate or permeate 
exiting the filter assembly may be fiirther treated, may be distributed as 
drinking water, and/or may be used for other non-drinking purposes, such as in 
an industrial process, e.g., as ultrapure water in microelectronics 
manufacturing. 

2 5 Prior to passing the filter medium of the filter assembly, the water is 

irradiated. The water may be irradiated in a variety of ways, as previously 
discussed with respect to the wastewater treatment system. For example, the 
water may be irradiated directly, i.e., by directing the radiation into the water 
itself, where the radiation is absorbed by the contaminants themselves, 

30 destroying them. Altematively or additionally, the water may be irradiated 
indirectly, i.e., by directing the radiation onto a photoactive material, which 
activates the photoactive material, and contacting the photoactivated material 
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with the contaminants, destroying them. The water may be irradiated 
upstream of the filter assembly or within the filter assembly upstream of the 
filter medium. In a preferred embodiment, the water is directly irradiated 
downstream of the prefilter assembly and upstream of the filter assembly with 
5 a pulsed, broadband, blackbody radiation of the type described in U.S. Patent 
No. 5,789,755 and available from Pulsar Remediation Technologies, Inc. The 
amount of radiation depends on, for example, the amount of the contaminants, 
the degree of purification desired, and the desired flux and/or pressure drop 
and transmembrane pressure through the filter medium. Generally, the 

1 0 amount of radiation is preferably sufficient to further purify the water and/or 
enhance the flux of water through the filter medium, e.g., by reducing the 
biofilm and/or destroying or altering organisms on the filter medium. 

In various embodiments, filtrate or permeate downstream of the filter 
medium and/or retentate firom the filter assonbly may be iiradiated. Further, 

1 5 while the water may be irradiated only once, e.g., upstream of the filter 
assembly and downstream of the prefilter assembly or upstream of both the 
filter assembly and the prefilter assembly, tiie water is preferably irradiated at 
least twice: both upstream of the filter medium of the filter assembly and 
upstream of the filter medium of the prefilter assembly. Irradiating the water 

2 0 upstream of the filter medium of the prefilter assembly further purifies the 
water and/or enhances the flux through the prefilter assembly. 

Figure 2 illustrates one example of an embodiment of a source water 
treatment system 500 and method. Source water enters the source water 
treatment system 500 via an inlet 400 and is directed to the inlet of the 

2 5 prefilter assembly 410 and/or any other suitable pretreatmrat arrangement. 

The water passes through the filter medium of the prefiltCT assraibly 410, e.g., 
a 400fi strainer, where larger particulates and organisms are removed, and 
hence to the outlet of the prefilter assembly. 

Water downstream of the prefilter assembly 410 may be directed to 

3 0 the inlet of the filter assembly 430, e.g., a microfiltration assembly or an 

ultrafiltration assembly. Preferably, the filter assembly includes cleanable 
and/or replaceable filter cartridges or filter modules, such as those available 

26 



wo 01/16036 ^ PCTAJSOO/23980 



m 



from Pall Corporation under the trade designation Microza. Water may pass 
through the filter medium of the filter assembly 430, removing particulate, 
biological, and/or chemical contaminants and producing filtered water as a 
filtrate or permeate. Any retentate (not shown) may be recirculated to any of 
5 the components of the source water purification system or to the source. The 
filtered permeate may be directed to the outlet of the filter assembly. 

Upstream of the filter medium of the filter assembly 430, a radiation 
assembly 470 irradiates the water. Preferably, the radiation assembly 470 is 
arranged to irradiate the water before the water enters the inlet of the filter 

1 0 assembly 430, e.g., downstream of the prefilter assembly 410 but upstream of 
the filter assembly 430. However, the radiation assembly may be arranged to 
irradiate the water within the filter assembly, e.g., upstream of the filter 
medium within the filter assembly 430. Preferably, the radiation assembly 
470 comprises a radiation source without a photoactive unit which directly 

15 irradiates the water. For example, the radiation assembly 470 may comprise a 
pulsed broadband blackbody radiation source such as that available firom 
Pulsar Remediation Technologies, Inc., as previously described. The radiation 
assembly destroys or alters water borne biological and/or chemical 
contaminants which might otherwise contact the filter medium of the filter 

2 0 assembly 430, th^eby fiorther purifying the water and enhancing the flux 
through the filter medium of the filter assembly 430. 

Preferably, a radiation assembly 460 also irradiates water upstream of 
the filter medium of the prefilter assembly 410. The radiation assembly 460 
may be arranged to irradiate water within the prefilter assembly 410 but is 

2 5 preferably arranged to irradiate water upstream of the inlet of the prefilter 

assembly 410. The radiation assembly 460 associated with the prefilter 
assembly 410, which may be similar or identical to the radiation assembly 470 
associated with the filter assembly, serves to destroy or alter water borne 
biological and/or chemical contaminants in the water which might otherwise 

3 0 contact the filter medium of the prefilter assembly 410. 

Water which passes throu^ the filter assembly 430 is thus highly 
purified. Downstream of the filter assembly 430, the water may be subject to 
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further treatment, e.g., oxidation via chlorination 480, and/or radiation 440 and 
is discharged via an outlet 450 of the source water purification system 500, 
The purified water may be used as drinking water or used for other non- 
drinking purposes, e.g., industrial processes. 
5 In some embodiments of systems and methods for treating wastewater 

or source water, the purified water, prior to being discharged, may be subject 
to a last-chance or fail-safe purification assembly, including an additional 
filter assembly having a filter medium disposed between the inlet and the 
outlet and an additional radiation assembly arranged to irradiate water. The 
1 0 radiation assembly is preferably located upstream of the additional filter 
assembly. 

As previously described, a last-chance purification assembly may 
remove little or no contamination fi*om the water during normal operation but 
during abnormal conditions, e.g.,_failure of one or more components upstream 

15 of the last chance purification assembly or abnormally high concentration of 
contaminants, the last-chance purification assembly provides a more 
significant amoxmt of purification, e.g., removing, destroying and/or altering 
one or more of the contaminants which reach the last-chance purification 
assembly. For many embodiments the filter assembly of the last chance 

2 0 purification assembly may comprise a pleated filter assembly available &om 
Pall Corporation under the trade designation Septra GB and the pulsed, 
broadband radiation assembly may comprise the radiation assembly available 
fix>m Pulsar Remediation Technologies, Inc. 

The type of filter assembly utilized with the purification assembly is 

2 5 not particularly limited and may be similar or identical to the first filter 

assembly of the wastewater treatment system or the filter assembly of the 
source water treatment system. For example, it may have any of the types, 
configurations, filter media, and/or pore sizes/stmctures/removal ratings 
described above for the first filter assembly of the wastewater treatment 

3 0 system or the filter assembly of the source water treatment system. Thus,^the 

filter assembly may be a dead-end filtration assembly or a cross-flow filtration 
assembly and may be configured as a plate-and-fi-ame or stacked plate filter 
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assembly, a dynamic filter assembly, or a granular bed filtCT assembly. The 
filter element(s) may be configured in flat sheet form, as a cylindrical element, 
a hollow fiber module, or a hollow pleated configuration. The flow tilirough 
the filter element may be outside-in or may be inside-out. The filter media 
5 may include mono- or multi-component granular media, porous inorganic or 
organic media, polymeric media, or fibrous media, porous or seinipermeable 
films, or porous hollow fibers. The filter media may alternatively or 
additionally include chemically, catalj^ically, and/or physically active media, 
such as various resins, various "activated*' forms of carbon, sorbents, catalysts, 

10 getters and/or biocides, all as previously described. 

The radiation assembly associated with the last-chance filter assembly 
may be similar or identical to the radiation assembly associated with the 
wastewater treatment systrai and/or source water treatment system and may 
have any or all of the features previously described. The radiation assembly 

15 may be arranged to irradiate the water directly and/or indirectly upstream of 
the filtration assembly, where "upstream of the filter medium" includes in, on, 
or upstream of tiie filter medium. Altematively or additionally, tiie radiation 
assembly may be positioned to irradiate the water directly and/or indirectly by 
irradiating the upstream surface of the filter medium. In embodiments where 

2 0 the surfaces of the filter medium are irradiated, the filter medium is even 
further cleaned of any biofilm by killing organisms and oxidation of organic 
matter on the surfaces of the filter medium. 

The characteristics of the filter assembly and the associated radiation 
assembly of the last-chance purification assembly, e.g., the type, configuration 

2 5 and/or pore rating or the wavelength and nature of the radiation may depend 

on many factors, including for example the various contaminants to be 
removed and the desired level of purity. It may be desirable to target specific 
contaminants to be removed during abnormal conditions, e.g., biological 
contaminants including organisms such as Cryptosporidium and Giardia, and 

3 0 select the characteristics of the filter assembly and the characteristics of the 

associated radiation assembly in accordance with these targets. For example, 
the removal rating of the fail-safe filter medium may be small enough to 
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capture particulates and microorganisms such as bacteria and/or protozoa, e.g., 
Cryptosporidium and Giardia, or viruses. Alternatively, it may be desirable to 
target all of the potential contaminants and more generally design the 
characteristics of the filter assembly and the characteristics of the radiation 
5 assembly in accordance with these general targets. 

Figure 3 illustrates one example of an embodiment of a wastewater 
treatment system and method including a last-chance purification assembly 
530. The wastewater treatment system 300 shown in Figure 3 is preferably 
similar to the wastewater treatment system shown in Figure 1 and may include 

1 0 any or all of the components, features, fimctions, and alternatives previously 
described with respect to Figure 1 . Alternatively, a wastewater treatment 
system including a last-chance purification assembly may be different &om 
the wastewater treatment system 300 shown in Figure 1 and may exclude one 
or more of the components, features, fimctions and alternatives described with 

15 respect to Figure 1 and/or may include additional components, features, 
fimctions, and alternatives over those described with respect to Figure 1. 

As shown in Figure 3, purified water downstream of the second filter 
assembly 160 may be directed to the inlet of the additional filter assembly 510 
of the last-chance purification assembly 530. Under normal operating 

2 0 conditions, the filter assembly 5 1 0 of the last-chance purification assembly 
530 may filter httle or no contaminants from the purified water because the 
components of the wastewater treatment system 300 upstream of the last- 
chance purification assembly 530 (i.e., the purification subsystem) provide the 
desired level of purification. However, during abnormal conditions, e.g., in 

2 5 case of an upstream filtration failure, the filter assembly 510 preferably serves 

as a last-chance filter assembly removing one or more of the contaminants 
which enters the last-chance purification assembly 530. 

Upstream of the additional filter assembly 510, a radiation assembly 
520 is arranged to irradiate the water preferably before the water enters the 

3 0 inlet of the additional filter assembly 510, e.g., downstream of the second filter 

assembly 160 but upstream of the additional filter assembly 510. However, 
the radiation assembly may be arranged to irradiate the water within the 
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additional filter assembly, e.g., upstream of the filter medium within the filter 
assembly* Like the filter assembly 510, the additional radiation assembly 520 
of the last-chance purification assembly 530 may, during normal operation, 
destroy or alter few, if any, contaminants in the water. However, during 

. 5 abnormal conditions, the additional radiation assembly 520 preferably serves 
to destroy or alter one or more of the contaminants which enter the last-chance 
purification assembly 530. 

Downstream of the last-chance purification assembly 530, the purified 
water may be discharged via an outlet 180 of the wastewater purification 

1 0 system 300. Prior to being discharged, the water may be further treated, for 
example, by radiation 50 and/or oxidation 60. 

Figure 4 illustrates one example of a source water purification system 
and method including a last-chance purification assembly. The source water 
purification system 500 may be similar to the source water purification system 

15 500 shown in Figure 2 and may include any or all of the components, features, 
functions, and alternatives previously described with respect to Figure 2. 
Alternatively, a source water treatment system including a last-chance 
purification assembly may be different fix)m the source water treatment system 
500 shown in Figure 2 and may exclude one or more of the componrats, 

2 0 features, functions and altOTiatives described with respect to Figure 2 and/or 
may include additional components, features, functions, and alternatives over 
those described with respect to Figure 2. For example, one or both of the 
radiation assemblies 460, 470 may be eliminated and/or the prefilter assembly 
410 and/or the filter assembly 430 may be eliminated and replaced with any 

2 5 other suitable treatment arrangement. 

As shown in Figure 4, purified water downstream of the filter assembly 
430 may be directed to the inlet of the filter assembly 570 of the last-chance 
purification assembly 530. Under normal operating conditions, the additional 
filter assembly 510 may filter Uttle or no contaminants firom the purified water 

3 0 because the components of the soiirce water treatment system 500 upstream of 

the last-chance purification assembly 530 (i.e., the purification subsystem) 
provide the desired level of purification. However, during abnormal 
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conditions, e.g., in case of an upstream filtration failure, the filter assembly 
510 preferably serves as a last-chance filter assembly, removing one or more 
of the contaminants which enters the last-chance purification assembly 530. 
Upstream of the filter assembly 510, a radiation assembly 520 of the 
5 last-chance purification assembly 530 may be arranged to irradiate the water 
before the water enters the inlet of the filter assembly 510, e.g., downstream of 
the filter assembly 430 but upstream of the filter assembly 510. However, the 
radiation assembly may be arranged to irradiate the water within the filter 
assembly of the last-chance purification assembly, e.g., upstream of the filter 

1 0 medium within the filter assembly. Downstream of the filter assembly 510, 
the purified water is discharged via an outlet 450 of the source water 
purification system 500. Prior to being discharged, the water may be fiirther 
treated, for example, by radiation 440 and/or oxidation 480. 

According to the various aspects of the present invention, systems and 

1 5 methods for treating source water, as well as systems and methods for treating 
wastewater, offer many advantages not found in conventional purification 
systems and methods. For example, by irradiating source water or wastewater 
upstream of a filter medium, particularly a filter medium having a removal 
rating of about 1 micron or less, the buildup of organic matter (e.g., total 

2 0 organic carbon or TOC) and biofilm on the filter media is significantly 
reduced or prevented, allowing greater flux of water through the filter 
medium, lower differential pressure or transmembrane pressure, and less 
firequent cessation of filtration for cleaning and/or replacing of the filter 
medium- Further, the irradiation of the water, especially by a pulsed, 

2 5 broadband, blackbody radiation source, has been found to be surprisingly 

efficient and effective as part of wastewater and or source water purification, 
especially in combination with microporous or finer filtration. The radiation 
kills microorganisms, such as ocysts, destroys many chemical contaminants, 
and oxidizes various metals to insoluble form, while the filter medium 

3 0 removes particulates, microorganisms, and other organic matter including 

larger chemical contaminants. Accordingly, the filter medixmi and the 
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radiation work in tandem to purify water, such as wastewater and source 
water, for municipal and/or indvistrial use. 

Although the present invention has been described in terms of 
exemplary embodimraits, it is not limited to these embodiments. Alternative 
5 embodiments, examples, and modifications which would still be encompassed 
by the invention may be made by those skilled in tiie art, particularly in hght 
of the foregoing teachings. Therefore, the following claims are intended to 
cover any alternative embodiments, examples, modifications, or equivalents 
which may be included within the spirit and scope of the invention as defined 
10 by the claims. 
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What is claimed is: 

1 . A method for treating wastewater comprising: 

directing water through at least one of a primary, secondary and 
tertiary water treatment arrangement; 
5 directing water through a first filter assembly having a fiher medium; 

and 

irradiating the water. 

2. The method of claim 1 fiirther comprising directing water through a 
1 0 purification assembly including directing water through an additional filter 

assembly and irradiating the water, wherein directing water through a first 
filter assembly comprises removing contaminants and directing water through 
the additional filter assOTibly comprises filtering little or no contaminants, 
whereby the purification assembly serves as a last-chance purifier. 

15 

3. The method of claim 1 or 2 wherein directing water through a first 
filter assembly having a filter medium includes directing water through a filter 
medium having a removal rating of about 1 micron or less. 

20 4. The method of any of the preceding claims wherein directing water 

through a first filter assembly having a filter medium includes directing water 
through a filter mediimi having a removal rating of about 0.1 micron or less. 

5, The method of claim 1 wherein directing water througfh a first filter 

2 5 assembly having a filter medium includes directing water through a 

microporous filter medium having a removal rating in the range firom about 
0.05 micron to about 1 micron. 

6. The method of claim 1 wherein directing water through a first filter 

3 0 assembly having a filter medium includes directing water through an 

ultraporous filter medium. 
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7. The method of any of the preceding claims wherein directing water 
through a first filter assembly having a filter mediirai comprises directing 
water through one or more filter cartridges. 

5 8. The method of any of claims 1-6 wherein directing water through a 

first filter assembly having a filter medium includes directing water through 
one or more hollow fiber filter modules. 

9. The method of any of the preceding claims wherein directing water 
1 0 through a first filter assembly having a filter medium includes directing water 

through a metallic or polymeric filter medium. 

10. The method of any of claims 1-5 wherein directing water through 
a first filter assembly having a filter medium includes directing water through 

15 a granular bed. 

1 1 . The method of any of the preceding claims fiirther comprising 
directing water through a second filter assembly having a porous medium and 
being disposed downstream of the first filter assembly. 

20 

12. The method of claim 1 1 wherein directing water through a second 
filter assembly comprises directing water tough a reverse osmosis assembly. 

1 3 . The method of any of the preceding claims wherein directing 

2 5 water through at least one of a primary, secondary, and tertiary water 

treatment arrangement includes directing water through a primary water 
treatment arrangement and then a secondary water treatment arrangement. 

14. The method of any of the preceding claims wherein directing 

3 0 water through at least one of a primary, secondary, and tertiary water 

treatment arrangement includes directing water through a secondary water 
treatment arranganent and then a tertiary water treatment arrangement. 
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15. The method of any of the preceding claims wherein directing 
water through a tertiary water treatment arrangement comprises directing 
water through a granular bed. 

5 

16. The method of any of the preceding claims wherein directing 
water through a first filter assembly comprises directing water through a first 
filter assembly downstream of a tertiary water treatment arrangement. 

10 17. The method of any of the preceding claims wherein directing 

water through a first filter assembly includes directing water through a first 
Glter assembly downstream of a secondary water treatment arrangement. 

1 8. The method of any of the preceding claims wherein irradiating the 
1 5 water includes irradiating water upstream of the filter medium of the first filter 

assembly. 

19. The method of any of the preceding claims wherein irradiating the 
water includes irradiating water downstream of the secondary water treatment 

2 0 arrangement. 

20. The method of any of the preceding claims wherein irradiating the 
water includes irradiating water downstream of a tertiary water treatment 
arrangement 

25 

2 1 . The method of any of the preceding claims wherein irradiating the 
water includes irradiating water downstream of the filter medium of the first 
filter assembly. 

3 0 22. The method of any of claims 1 1-21 wherein irradiating the water 

includes irradiating water downstream of the first filter medivmi of the first 
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filter assembly and upstream of the porous medium of the second filter 
assembly. 

23. The method of any of the preceding claims wherein directing 

5 water through a first filter assembly includes recirculating retentate fi"om the 
first filter assembly and wherein irradiating the water includes irradiating the 
retentate of the first filter assembly. 

24. The method of any of claims 1 1-23 wherein directing water 
10 through a second filter assembly includes recirculating retentate fi^om the 

second filter assembly and irradiating the water includes irradiating the 
retentate of the second filter assembly. 

25. The method of claim 1 wherein directing wata: through at least one 
15 of a primary, secondary and tratiary water treatment arrangement comprises 

removing contaminants and directing water through the first filter assembly 
comprises filtering little or no contaminants, whereby the first filter assembly 
serves as a last-chance filter. 

20 26. Themethodofanyofthe preceding claims wherein irradiating the 

water includes irradiating water with a radiation having one or more 
wavelengths in the range firom about lOOnm to about 1 lOQnm. 

27. The method of claim 26 wherein irradiating water with radiation 
25 having one or more wavelengths within the range from about lOOnm to about 

1 lOOiun includes irradiating water with radiation having a broadband within 
the range. 

28. The method of claim 26 wherein irradiating water with radiation 
3 0 having one or more wavelengths within the range from about lOOnm to about 

1 lOQnm includes irradiating water with radiation having a narrower band 
within the range. 
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29. The method of any of the preceding claims wherein irradiating the 
water includes irradiating water with a pulsed radiation. 

5 30. The method of any of claims 1-28 wherein irradiating the water 

includes irradiating water with continuous radiation. 

3 1 . The method of any of the preceding claims wherein irradiating the 
water comprises directly irradiating the water. 

10 

32. The method of any of claims 1-30 wherein irradiating the water 
includes indirectly irradiating the water. 

33. The method of claim 32 wherein indirectly irradiating the water 
1 5 includes irradiating a photoactive mataial and contacting the photoactivated 

material with the water. 

34. The method of claim 1 wherein directing water through at least 
one of a primary, secondary, and tertiary water treatment arrangraient includes 

2 0 directing water through a least a secondary water treatment arrangement, 
wherein directing water through a first filter assembly having a filter medium 
includes directing water through a microporous filter medium having a 
removal rating in the range fi-om about 0.05 micron to about 1 micron, the first 
filter assembly being disposed downstream of flie secondary water treatment 

2 5 arrangonent, wherein irr^iating the water includes irradiating water upstream 

of the filter medium of flic first filter assembly and downstream of the 
secondary water treatment arrangement and utadiating the water fiirther 
includes irradiating water with a pulsed, broadband radiation source which 
generates radiation having wavelengths in the range from about lOOnm to 

3 0 about 1 lOOmn, and wherein the method further comprises directing water 

through a reverse osmosis assembly disposed downstream of the first filter 
assembly. 
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35. The method of claim 34 wherein irradiating the water further 
includes irradiating water downstream of the filter medium of the first filter 
assembly but upstream of the porous medium of the reverse osmosis assembly 
5 with a pulsed, broadband radiation source which generates radiation having 
wavelengths in the range from about lOOnm to about 1 lOOnm. 



36. A system for treating wastewater comprising: 
an inlet for receiving wastewater; 
10 an outlet for discharging treated water; 

at least one of a primary, secondary, and tertiary water treatment 
arrangement disposed between the inlet and the outlet; 

a first filter assembly having a filter medium disposed between the 
inlet and the outlet; and 
15 a radiation assembly arranged to irradiate water between the inlet and 

the outlet 



37. The system of claim 35 fiuther comprising a purification assembly 
comprising an additional filter assembly and an additional radiation assembly, 

2 0 the purification assembly being disposed downstream of the first filter 

assembly* 

38. The system of claim 36 or 37 wherein the filter medium of the first 
filter assembly has a removal rating of about 1 micron or less. 

25 

39. The system of claim 36 or 37 wherein the filter medium of the first 
filter assembly has a removal rating of about 0.1 micron or less. 

40. The system of claim 36 or 37 wherein the filter medium of the first 

3 0 filter assembly includes a microporous filter mediimi having a removal rating 

in the range from about O.OS micron to about 1 micron. 



39 



wo 01/16036 PCT/USOO/23980 



41 . The system of claim 36 or 37 wherein the filter medium of the first 
filter assembly includes an ultraporous filter medium. 

42. The system of any of claims 36-41 wherein the first filter assembly 
5 comprises one or more filter cartridges, each filter cartridge including the filter 

mediimi. 

43. The system of any of claims 36-41 wherein the first fiUer assembly 
comprises one or more hollow fiber filter modules, each filter module 

10 including the filter medium. 

44- The system of any of claims 36-43 wherein the filter mediimi of 
the first filter assembly includes a metallic or polymeric filter medium. 

15 45. The system of any of claims 36-40 wherein the filter medium 

of the first filter assembly includes a granular bed. 

46. The system of any of claims 36-45 further comprising a second 
filter assembly having a porous medium and being disposed downstream of 

2 0 the first filter assembly, the porous medium of the second filter assembly 
being finer than the filter medium of the first filter assembly. 

47. The system of claim 46 wherein the second filter assembly 
comprises a reverse osmosis assembly. 

25 

48. The system of any of claims 36-47 wherein at least one of a 
primary, secondaxy, and tertiary water treatment arrangement includes a 
primary water treatment arrangement disposed upstream of a secondary water 
treatment arrangement. 

30 

49. The system of any of claims 36-48 wherein at least one of a 
primary, secondary, and tertiary water treatment arrangement includes a 
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secondary water treatment arrangement disposed upstream of a tertiary water 
treatment arrangement 

50. The system of any of claims 36-49 wherein the tertiary water 
5 treatment arrangement comprises a granular bed, 

51. The system of any of claims 36-50 wherein the first filter assembly 
is disposed downstream of a tertiary water treatment arrangement 

10 52. The system of any of claims 36-5 1 wherein the first filter assembly 

is disposed downstream of a secondary water treatment arrangement 

53. The system of any of claims 36-52 wherein the radiation assembly 
is arranged to irradiate water upstream of the filter medium of the first filter 

15 assembly. 

54. The system of any of claims 36-53 wherein the radiation assembly 
is arranged to irradiate water downstream of a secondary water treatment 
arrangement. 

20 

55. The system of any of claims 36-54 wherein the radiation assembly 
is arranged to irradiate water downstream of a tertiary water treatment 
arrangement 

25 56. The system of any of claims 36-55 wherein the radiation assembly 

is arranged to irradiate water downstream of the filter medium of the first filter 
assembly. 

57. The system of any of claims 36-56 wherein the radiation assembly 
3 0 is arranged to irradiate water upstream of the porous medium of the second 
filter assembly. 
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58. The system of any of claims 36-57 wherein the first filter assembly 
includes a retentate outlet arranged to recirculate retentate and a radiation 
assembly is arranged to irradiate the retentate of the first filter assembly. 

59. The system of any of claims 46-58 wherein the second filter 
assembly includes a retentate outlet arranged to recirculate retentate and a 
radiation assembly is aixanged to irradiate the retentate of the second filter 
assembly. 



1 0 60. The system of any of claims 36-59 wherein the radiation assembly 

includes a radiation source generating radiation having one or more 
wavelengths in the range of about lOOnm to about 1 lOOnm. 

61 , The system of claim 60 wherein the radiation souree generates 
15 radiation having a broadband within the range fix>m about lOOnm to about 
llOOnm. 



62. The system of claim 60 wherein the radiation source generates 
radiation having a narrow band within the range fi^om about lOOnm to about 

20 llOOnm. 

63. The system of any of claims 36-62 wherein the radiation assembly 
includes a radiation source which generates pulsed radiation. 

25 64. The system of any of claims 36-62 wherein the radiation assembly 

includes a radiation source which generates continuous radiation. 

65. The system of any of claims 36-64 wherein the radiation assembly 
is arranged to directly irradiate water. 

30 

66. The system of any of claims 36-64 wherein a radiation assembly is 
arranged to indirectly irradiate water. 
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67. The system of any of claims 36-66 wherein the radiation assembly 
includes a photoactive material and a radiation source an^ged to irradiate the 
photoactive material. 

5 

68. The system of claim 36 wherein at least one of a primary, 
secondary, and tertiary water treatment arrangement includes at least a 
secondary water treatment arrangement disposed upstream fix>m the first filter 
assembly, wherein the filter medium of the first filter assembly includes a 

1 0 microporous filter medium having a removal rating in the range from about 
0.05 micron to about 1 micron, wherein the radiation assembly is arranged to 
irradiate water upstream of the filter medium of the first filter assembly but 
downstream of the secondary water treatment arrangement and includes a 
radiation source which generates a pulsed radiation having a broadband within 

15 the wavelength range fiom about lOOnm to about llOOnm and wherein the 
system fiirther comprises a reverse osmosis assembly having an RO membrane 
and being disposed downstream of the first filter assembly, 

69. The system of claim 68 finrflier comprising a radiation assembly 
2 0 disposed downstream of the filter medium of the first filter assembly but 

upstream of the RO membrane of the reverse osmosis assembly, the radiation 
assembly including a radiation source which generates a pulsed radiation 
having a broadband within the wavelength range from about lOOnm to about 
llOOmn. 

25 

70. A method for treating source water comprising: 

directing water through a filter assembly having a filter medium and 
irradiating the water. 

30 71. The method of claim 70 further comprising directing water 

through a purification assembly including directing water through an 
additional filter assembly and irradiating the water, wherein directing water 
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through the filter assembly comprises filtering substantially entirely all 
contaminants and directing water through an additional filter assembly 
comprises filtering little of no contaminants, whereby the additional filter 
assembly serves as a last-chance filter for the filter assembly. 

5 

72. The method of claim 70 or 71 wherein directing water through a 
filter assembly having a filter medium includes directing water through a filter 
medium having a removal rating of about 1 micron or less. 

1 0 73. The method of claim 70 or 71 wherein directing water through a 

filter assembly having a filter medium includes directing water through a filter 
medium having a removal rating of about 0.1 micron or less. 

74. The method of claim 70 or 71 wherein directing water through a 
1 5 filter assembly having a filter medium includes directing water through a 

microporous filter medium having a removal rating in the range fi-om about 
0.05 micron to about 1 micron. 

75. The method of claim 70 or 71 wherein directing water through a 
2 0 filter assembly having a filter medium includes directing water through an 

ultraporous filter medium. 

76. The method of any of claims 70-75 wherein directing water 
through a filter assembly having a filter medium comprises directing water 

25 through one or more filter cartridges. 

77. The method of any of claims 70-75 wherein directing water 
througih a filter assembly having a filter medium includes directing water 
through one or more hollow fiber filter modules. 

30 
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78. The method of any of claims 70-77 wherein directing water 
through a filter assembly having a filter medium includes directing water 
through a metallic or polymeric filter medium. 



flirough a filter assembly having a filter medium includes directing water 
through a granular bed. 

80. The method of any of claims 70-79 further comprising directing 
1 0 water through a pretreatment arrangement disposed upstream of the filter 

assembly. 

8 1 . The method of claim 80 wherein directing water through a 
pretreatment arrangement includes directing water through a prefilter 

15 assembly having a filter medium. 

82. The method of claim 81 wherein directing water througih a 
prefilter assembly having a filter medium includes directing water through a 
filter medium having a removal rating greater than or equal to about 10 

20 nucrons. 

83. The method of claim 81 wherein directing water through a 
prefilter assembly having a filter medixmi includes directing water through a 
filter medium having a removal rating greater than or equal to about 100 

25 microns. 

84. The method of any of claims 70-83 wherein irradiating the water 
includes irradiating water upstream of the filter mediiun of the filter assembly. 

30 8S. The method of any of claims 70-84 wherein irradiating the water 

includes irradiating water downstream of the pretreatment airangement. 



5 



79- The method of any of claims 70-74 wherein directing water 
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86. The method of any of claims 70-85 wherein directing water 
through a filter assembly includes recirculating retentate from the filter 
assembly and wherein irradiating the water includes irradiating the retentate of 
die filter assembly. 

87. The method of any of claims 70-86 wherein irradiating the water 
includes irradiating water upstream of the filter medium of the prefilter 
assembly. 

88. The method of any of claims 70-87 wherein irradiating the water 
includes irradiating water with radiation having one or more wavelengths in 
tiie range from about lOQmn to about 1 lOQnm. 



89. The method of claim 88 wherein irradiating water with radiation 
1 5 having one or more wavelengths within the range fi-om about 1 OOnm to about 
1 lOOnm includes irradiating water with radiation having a broadband within 
the range. 



90. The method of claim 88 wherein irradiating water with radiation 
2 0 having one or more wavelengths within the range firom about 1 OOnm to about 
1 lOOnm includes irradiating water with radiation having a narrower band 
within the range. 



91. The method of any of claims 70-90 wherein irradiating the water 
2 5 includes irradiating water with a pulsed radiation. 

92. The method of any of claims 70-90 wherein irradiating the water 
includes irradiating water with continuous radiation. 

30 93. The method of any of claims 70-92 wherein irradiating the water 

comprises directly irradiating the water. 
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94. The method of any of claims 70-92 wherein irradiating the water 
includes indirectly irradiating the water. 

95. The method of claim 94 wherein indirectly irradiating the water 
5 includes irradiating a photoactive material and contacting the water with the 

photoactivated material. 

96. The mettiod of claim 70 wherein the method further comprises 
directing the water through a prefilter assembly including a filter medium 

10 having a removal rating greater than or equal to about 100 microns and being 
disposed upstream of the filter assembly, wherein directing water through a 
filter assembly having a filter medium includes directing water through a 
microporous filter mediirai having a removal rating in the range from about 
0.05 micron to about 1 micron, and wherein irradiating the water includes 

1 5 irradiating water upstream of the filter medium of the filter assembly and 
downstream of the filter medium of the prefilter assembly and irradiating the 
water fiirther includes irradiating water with a pulsed, broadband radiation 
source which generates radiation having wavelengths in the range fix>m about 
lOOnm to about 1 lOOnm. 

20 

97. The method ofclaim 96 wherein irradiating the water fiirfher 
includes irradiating water iq>stream of the filter medium of the prefilter 
assembly wifli a pulsed, broadband radiation source which generates radiation 
having wavelengths in the range firom about lOOrmi to about llOOrmi. 

25 

98. A system for treating source water comprising: 
an inlet for receiving source water; 

an outlet for discharging water; 

a filter assembly having a filter medium disposed between the inlet and 
30 the outlet; and 

a radiation assembly arranged to irradiate the water between the inlet 
and the outlet. 
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99. The system of claim 98 further comprising a purification assembly 
comprising an additional filter assembly and an additional radiation assembly, 
the purification assembly being disposed downstream of the filter assembly. 

5 

100. The system of claim 98 or 99 wherein the filter medium has a 
removal rating less than or equal to about 1 micron. 

101. The system of claim 98 or 99 wherein the filter medium has a 
1 0 removal rating less than or equal to about 0.1 micron. 

102. The system of claim 98 or 99 wherein the filter medium 
comprises a microporous filter medium having a removal rating in the range 
fix>m about 0.05 micron to about 1 micron. 

15 

103. The system of claim 98 or 99 wherein the filter medium 
comprises an ultraporous filter medium. 

104. The system of any of claims 98-103 wherein the filter assembly 

2 0 comprises one or more filter cartridges, each filter cartridge including the filter 
medium. 

105. The system of any of claims 98-103 wherein the filter assembly 
comprises one or more hollow fiber membrane modules, each hollow fiber 

25 module including the filter medium. 

106. The system of any of claims 98-105 wherein the filter medium 
comprises a metallic or polymeric medium. 

30 107. The system of any of claims 98-102 wherein the filter medium 

comprises a granular bed. 
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108. The system of any of claims 98-107 further comprising a 
pretreatment arrangement disposed upstream of the filter assembly. 

109. The system of claim 108 wherein the pretreatment arrangement 
5 comprises a prefilter assembly having a filter medium. 

110. The system of claim 109 wherein the filter medium of the 
prefilter assembly has a removal rating greater than or equal to about 10 
microns. 

10 

111. The system of claim 1 09 wherein the filter medium of the 
prefilter assembly has a removal rating greater than or equal to about 100 
microns. 

15 112. The system of any of claims 98-1 1 1 wherein the radiation 

assembly is arranged to irradiate water upstream of the filt^ medium of the 
filter assembly. 

1 13. The system of any of claims 98-1 12 wherein the radiation 
2 0 assembly is arranged to irraidiate water downstream of the pretreatmait 

arrangement. 

1 14. The system of any of claims 98-1 13 wherein the filter assembly 
includes a retentate outlet arranged to recirculate retentate and the radiation 

2 5 assembly is arranged to irradiate the retentate. 

115. The system of any of claims 98-1 14 wherein the radiation 
assembly is arranged to irradiate water upstream of the filter medium of the 
prefilter assembly. 

30 
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1 16. The system of any of claims 98-1 15 wherein the radiation 
assembly includes a radiation source generating radiation having one or more 
wavelengths in the range fix>m about lOOnm to about 1 lOOnm. 

5 117. The system of claim 116 wherein the radiation source generates 

radiation having a broadband within the range fix>m about lOQnm to about 
llOQnm. 

1 1 8. The system of claim 1 1 6 wherein the radiation soiirce generates 
1 0 radiation having a narrow band within the range from about 1 OOnm to about 
llOOnm. 



1 1 9. The system of any of claims 98- 1 1 8 wherein the radiation 
assembly includes a radiation source which generates pulsed radiation. 

15 

120. The system of any of claims 98-1 18 wherein the radiation 
assembly includes a radiation source which generates continuous radiation. 

121. The system of any of claims 98-120 wherein the radiation 

2 0 assembly is arranged to directly irradiate the water. 

122. The system of any of claims 98-120 wherein the radiation 
assembly is arranged to indirectly irradiate the water. 

25 123. The system of claim 122 wherein the radiation assembly includes 

a radiation source and a photoactive material, the radiation source being 
arranged to irradiate the photoactive material. 

124. The system of claim 98 further comprising a prefilter assembly 

3 0 including a filter medium having a removal rating greater than or equal to 

about 100 microns and being disposed upstream of the filter assembly, 
wherein the filter medium of the filter assembly includes a microporous filter 
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medium having a removal rating in the range from about 0.05 micron to about 
1 micron, and wherein the radiation assembly is arranged to irradiate water 
upstream of the filter medium of the filter assembly and downstream of the 
prefilter assembly, the radiation assembly including a radiation source which 
5 generates a pulsed, broadband radiation having wavelengths fix)m about 
lOOnm to about 1 lOOnm. 

125. The system of claim 124 wherein a radiation assembly is 
arranged to irradiate water upstream of the filter medium of the prefilter 
10 assembly, the radiation assembly including a radiation source which generates 
a pulsed, broadband radiation having wavelengths in the range from about 
lOOnmto llOOnm. 



126. A method for treating water comprising: 

1 5 directing the water through a purification subsystraa including 

removing contaminants to a desired level of purification during nonnal 

operating conditions; and 

then directing the water through a last-chance purification assembly 

which includes a filter assembly and a radiation assembly, including removing 
2 0 little or no contaminants during nonnal operating conditions and removing 

contaminants during abnormal conditions. 

127. The method of claim 126 wherein the water comprises 
wastewater. 

25 

128. The method of claim 126 wherein the water comprises source 

water. 

129. A system for treating water comprising: 

30 a purification subsystem which removes contaminants to a desired 

level of purification during normal operating conditions; and 
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# # 



a 



a last-chance purification assembly including a filter assembly and 
radiation assembly, the last-chance purification assembly being located 
downstream of the purification subsystem and being airanged to remove little 
or no contaminants during nomial operating conditions and to remove 
5 contaminants during abnormal conditions. 
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